The effect of microbial phytase on zinc bioavailability in growing pigs fed a corn-soybean meal based diet was studied.
plant origin.
Some of these ingredients such as oil seed meals and wheat bran contain a considerable amount of zinc2). However, zinc bioavailability is not high in these ingredients21). These ingredients are rich in phytate that is not easily degraded in the upper digestive tract of pigs and phytate strongly interferes with zinc absorption21,24). Because of low bioavailability of zinc, zinc must be added as a supplement into swine rations and thus swine manure contains much zinc. The long-term application of swine manure to agricultural lands increased zinc concentration in soil and forages6). As a result, the land is polluted by zinc in swine manure. The improvement of zinc bioavailability in rations could solve this problem through reducing zinc content in manure.
Zinc bioavailability was increased with the reduction of phytate concentration in soybean flour24) and dephytinization of soybean meal has been suggested to improve zinc bioavailability in rats10) and pigs14 waterer and a stainless steel feeder, and the pigs were given free access to feed and water. Care of animals was in accordance with the Guide for the Care and Use of Laboratory Animals (Kyoto University Animal Care Committee). Phytase and feeding Microbial phytase from Aspergillus niger (NatuphosaR) was obtained from Royal Gist-Brocades (Delft, The Netherlands).
The diets mainly consisted of 74.4% yellow corn and 20.9% dehulled soybean meal fortified with vitamins and trace minerals ( Table 1) .
The dietary treatments consisted of 1) diet with added calcium carbonate to satisfy calcium requirement (Basal diet), 2) diet with added dicalcium phosphate to satisfy calcium and non-phytate phosphorus requirements (Adequate-P diet) and 3) basal diet supplemented with 1,000 phytase-unit (PU)/kg Aspergillus niger phytase (Phytase diet). Kornegay and Qian12) reported that maximum response of the improved phosphorus bioavailability occurred at the microbial phytase level of 1,050PU/kg diet for a corn-soybean meal based diet without supplying inorganic phosphate in growing pigs. Phytase premix was diluted with defatted rice bran to appropriate specific activity, and the diluted phytase premix or defatted rice bran alone was supplied to each diet. In the preliminary period, the pigs were fed the basal diet for 5d and then given one of the experimental diets for 6 weeks.
Sampling and Analysis Body weight was measured at the initial and end of feeding with the experimental diets. After being rendered unconscious by CO2 asphyxiation, the pigs were killed by exsanguination through the jugular vein and carotid arteries. The left tibia was collected The data were analyzed using one-way ANOVA with pen means serving as the experimental unit.
Significant differences among the means of each treatment were determined using Fisher's LSD method.
All analyses were conducted using GLM procedure of SAS19).
Results
Zinc concentration was approximately 56mg/kg in each diet (Table 1) . Non-phytate-phosphorus concentration was 3.8g/kg in the adequate-P diet. The basal diet and the diet supplied with phytase contained approximately 2.0g/kg diet of non-phytate phosphorus.
Adequate-P group and phytase group showed significantly higher (P<0.05) average daily gain than basal group (Fig. 1) . The average daily gain did not differ between the adequate-P group and phytase group. Although the dietary treatment did not significantly affect phosphorus concentration in the tibial cortex, tibial density was significantly lower (P <0.05) in the basal group than in the other groups.
Zinc concentration in the tibial cortex did not differ between the basal and adequate-P groups. The phytase group showed significantly higher (P<0.05) concentration of zinc in the tibial cortex than the other groups.
Discussion
Non-phytate-phosphorus concentration was 3.8g/ kg diet in the adequate-P diet. The basal diet and the diet supplied with phytase contained 2.0g/kg diet of non-phytate phosphorus. The requirement of nonphytate phosphorus was indicated to be 3.5g/kg in growing pigs weighing 10 to 30kg2). The basal group showed lower body weight gain and tibial density than the adequate-p group. The supplemental phytase almost restored these parameters to the levels of adequate-P group. Therefore, the basal group was likely to be deficient in phosphorus and the supplementation of phytase improved the bioavailability of phosphorus. These results were in agreement with many reports showing that dietary phytase improved phosphorus bioavailability in pigs11, 12, 18) .
Zinc concentration in the tibial cortex was increased by the supplementation of phytase. This result suggested that the supplementation with phytase improved zinc bioavailability. Some researchers indicate that phytate interferes with zinc absorption10, 14, 24) and dietary phytase degrades phytate in the stomach of pigs11,18,23) . Zinc is mainly absorbed in the small intestine of monogastric animals7). It is likely that dietary phytase diminishes phytate content in smallintestinal digesta and increases zinc absorption in pigs.
Zinc concentration was approximately 56mg/kg in each diet. The requirement of zinc was reported to be 80mg/kg diet in growing pigs weighing 10 to 30 kg 2). Therefore, dietary zinc concentration appeared not to satisfy its requirement for the pigs. Body weight gain did not differ between the adequate-P and phytase groups although zinc bioavailability was considered to be higher in the phytase diet than in the adequate diet. Because the retardation of body weight gain was a typical sign for zinc deficiency7) , we considered that zinc concentration in the experimental diets without supplied phytase was in a marginally deficient level and did not affect body weight gain . Murry et al.15) reported that dietary phytase did not Body weight gain and tibial characteristics of growing pigs given experimental diets. Values are means and SE for 3 pens. Analysis of variance indicated that effects of diet on body weight gain, tibial density and tibial zinc concentration were significant (P <0.05).
A, B Means having no common superscript letter significantly differ (P<0.05). the other hand, the present experiment was not consistent with a report of Nasi et al.17) showing that dietary phytase did not affect the apparent absorption of zinc in growing pigs given almost the same amount of zinc as in the present experiment. This inconsistency possibly results from the difference of assessment method for zinc bioavailability. Because endogenous zinc is mainly excreted into the digestive tract5), the apparent absorption of zinc does not accurately reflect zinc bioavailability. On the other hand, zinc concentration in bone has been considered as a sensitive index of zinc bioavailability5). Therefore, it is likely that the supplementation with phytase improves zinc bioavailability and increases zinc concentration in the tibial cortex of growing pigs fed a marginally zincdeficient diet.
